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ABSTRACT

Disclosed embodiments may include an apparatus having one
or more processors coupled to one or more computer-read-
able storage media. The one or more processors may be
configured to transmit and/or receive channel state informa-
tion reference signal (CSI-RS) resource configuration infor-
mation, demodulation reference signals (DM-RS), uplink
sounding reference signals (SRS), and power control param-
eters to support uplink coordinated multi-point (CoMP)
operations. Other embodiments may be disclosed.
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200
’/-

Receive, through radio resource control {RRC) signaling, a
plurality of sets of sounding reference signal (SRS)
paramcters of a cell to which the UE s connected.

v

Receive, through RRC-level signaling or roedia access _— 204

control (MAC)-level signaling, an indication of a set of

SRS parameters, selected from the plurality of sets, to be
used for SRS transmission.

202

FIG. 2

300
/

Determine Ul-~specific acknowledge (ACK) and negative- 302
acknowledge (NACK) resource ollset NWpicen for e
transmitting physical uplink control channel (PUCCH) with
dynamic ACK/NACK.
304

Determine a configuration of an uplink CoMP cooperation set, e
a hase sequence asstgnment based on an exphicit ndication of
a virtual cell identification, or an explicit indication of a UE-
specific base sequence assignment for efficient support of UL
CoMP.

FIG. 3
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4G0
/

Receive, through semi-static RRC signaling, a plurality of
sets of UE-specific DM-RS parameters.

v

Receive, through media access control (MAC)-level 404
signaling or via the latest uplimk-related DCI carmied by the —
PDOCH, an indication of a set of DM-RS parameters,
selected from the plurality of sets, to be used for DM-RS
fransmission.

402

FIG. 4
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UPLINK COORDINATED MULTI-POINT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
patent application Ser. No. 13/536,722, filed Jun. 28, 2012,
entitted “UPLINK COORDINATED MULTI-POINT,”
which claims priority to U.S. Provisional Patent Application
No. 61/591,641, filed Jan. 27, 2012, entitled “ADVANCED
WIRELESS COMMUNICATION SYSTEMS AND TECH-
NIQUES;,” the entire disclosures of which are hereby incor-
porated by reference.

FIELD

[0002] Embodiments of the present invention relate gener-
ally to the field of communications, and more particularly, to
uplink coordinated multi-point operation in wireless commu-
nication networks.

BACKGROUND INFORMATION

[0003] Coordinated multi-point (CoMP) is an interference
avoidance concept that can be used to improve system spec-
tral efficiency and cell edge user throughput performance.
CoMP may be used to avoid interference to other cells by
coordination of the transmissions across multiple eNBs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments ofthe invention are illustrated by way
of'example, and not by way of limitation, in the figures of the
accompanying drawings in which like reference numerals
refer to similar elements.

[0005] FIG. 1 schematically illustrates a wireless commu-
nication network in accordance with various embodiments.
[0006] FIG. 2 illustrates a flow diagram of signaling UE-
specific SRS parameters in accordance with various embodi-
ments.

[0007] FIG. 3 illustrates a flow diagram of physical uplink
control channel (PUCCH) resource allocation and PUCCH
sequence assignment for efficient support of UL CoMP in
accordance with various embodiments.

[0008] FIG. 4 illustrates a flow diagram of signaling UE-
specific UL DM-RS parameters in accordance with various
embodiments.

[0009] FIG. 5 schematically depicts an example system in
accordance with various embodiments.

DESCRIPTION OF THE EMBODIMENTS

[0010] Embodiments ofthe present disclosure may relateto
uplink (UL) coordinated multi-point (CoMP) in wireless
communication networks. In particular, embodiments of the
present disclosure may relate to defining aspects of a control
and signaling framework for operation of UL CoMP.

[0011] Various aspects of the illustrative embodiments will
be described using terms commonly employed by those
skilled in the art to convey the substance of their work to
others skilled in the art. It will be apparent to those skilled in
the art, however, that some alternate embodiments may be
practiced using portions of the described aspects. For pur-
poses of explanation, specific numbers, materials, and con-
figurations are set forth in order to provide a thorough under-
standing of the illustrative embodiments. It will be apparent to
one skilled in the art, however, that alternate embodiments
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may be practiced without the specific details. In other
instances, well-known features are omitted or simplified in
order to not obscure the illustrative embodiments.

[0012] Further, various operations will be described as
multiple discrete operations, in turn, in a manner that is most
helpful in understanding the illustrative embodiments; how-
ever, the order of description should not be construed as to
imply that these operations are necessarily order dependent.
In particular, these operations need not be performed in the
order of presentation.

[0013] The phrase “in one embodiment” is used repeatedly.
The phrase generally does not refer to the same embodiment;
however, it may. The terms “comprising,” “having,” and
“including” are synonymous, unless the context dictates oth-
erwise. The phrase “A/B” means “A or B”. The phrase “A
and/or B”means “(A), (B), or (A and B)”. The phrase “at least
one of A, Band C” means “(A), (B), (C), (A and B), (A and C),
(B and C) or (A, B and C)”. The phrase “(A) B” means “(B)
or (A B)”, that is, A is optional.

[0014] As used herein, the term “module” may refer to, be
part of, or include an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated,
or group) and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a com-
binational logic circuit, and/or other suitable components that
provide the described functionality.

[0015] FIG. 1 schematically illustrates a wireless commu-
nication network 100 in accordance with various embodi-
ments. Wireless communication network 100 (hereinafter
“network 100”’) may be an access network of a 3rd Generation
Partnership Project (3GPP) long-term evolution (LTE) net-
work such as evolved universal mobile telecommunication
system (UMTS) terrestrial radio access network (E-UT-
RAN). Network 100 may be configured to support uplink
(UL) coordinated multipoint (CoMP) operation, for which
there is presently no specification defined by the 3GPP stan-
dards body. The UL CoMP operations may include determin-
ing a UL, CoMP cooperating set that may be a set of points
intended to receive data from a UE. The UL CoMP cooper-
ating set may be UE-specific and, if signaled to the UE, may
be set or changed dynamically via radio resource control
(RRC) or medium access control (MAC) signaling. The net-
work 100 may include a mobile device or terminal, e.g., user
equipment (UE) 104, configured to wirelessly communicate
with a number of base stations, e.g., enhanced node base
stations (eNB) 108a, 1085, and 108c (collectively 108).
While embodiments of the present invention are described
with reference to an LTE network, some embodiments may be
used with other types of wireless access networks.

[0016] UE 104 and eNBs 108 may be configured to deter-
mine, provide, and/or receive control signaling and message
signaling parameters to support UL CoMP operations in net-
work 100. The control and message signaling parameters may
include channel state information reference signals (CSI-RS)
resource configuration parameters, open loop power control
parameters, UL, demodulation reference signals (DM-RS)
parameters, sounding reference signal (SRS) parameters, and
parameters related to physical uplink control channel
(PUCCH) resource allocation. The configurations of UE 104
and eNBs 108 to enable determining, providing, and/or
receiving of the parameters will be discussed below one
parameter at a time.

[0017] UE 104 may include a communications module 112
coupled to one or more antennas 116. Communications mod-
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ule 112 may include physical layer circuitry 118 coupled to
one or more antennas 116, MAC layer circuitry 120, user
plane circuitry 122, control plane circuitry 124, and RRC
circuitry 126. As shown, control plane circuitry 124 and user
plane circuitry 122 may be communicatively coupled to
physical layer circuitry 118 through MAC layer circuitry 120.
In other words, MAC layer circuitry 120 may be an interface
configured to communicate user plane signals and/or control
plane signals to and/or from physical layer circuitry 118.
Additionally, RRC circuitry 126 may be integrated into con-
trol plane circuitry 124.

[0018] eNBs 108 may collectively be configured as a UL
CoMP cooperating set, and one or more eNBs 108 may be
configured as an UL CoMP reception point (RP) set with
respect to UE 104, according to various embodiments. A UL
CoMP RP set may be a set of points that a may actively
receive data from UE 104. The UL CoMP RP set may be a
subset of a UL CoMP cooperating set. eNB 1082, may
include a communications module 128, and one or more
antennas 130. Communications module 128 may include
physical layer circuitry 132, MAC layer circuitry 134, user
plane circuitry 138, and control plane circuitry 138. Addition-
ally, MAC layer circuitry 134 may include MAC control
element (MAC-CE) circuitry 142, and control plane circuitry
140 may include RRC circuitry 144. Control plane circuitry
132 and user plane circuitry 138 may be communicatively
coupled to physical layer circuitry 132 through MAC layer
circuitry 134. In other words, MAC layer circuitry 134 may be
an interface configured to communicate user plane signals
and/or control plane signals to and/or from physical layer
circuitry 132.

[0019] eNBs108band108c may include similar features as
eNB 108a to determine, provide, and/or receive control sig-
naling and message signaling parameters to support UL
CoMP operations in network 100.

[0020] CSI-RS resource configuration may include infor-
mation on transmit power, periodicity, subframe offset, ini-
tialization seeds, and number of antenna ports available on
UE 104 and/or eNBs 108. According to one embodiment,
CSI-RS may include information to enable UE 104 to identify
and select a particular point, e.g., reception point. eNB 108«
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(CRM) set, when defined. The CRM set may be a set of
CSI-RS resources for which CSI-RS based received signal
measurements can be made and reported. eNB 108a may
alternatively be configured to assign an index to each CSI-RS
resource in a set of points that measure UE 104 UL transmis-
sions for pathloss estimations. eNB 1084 may assign the
indices implicitly, based on the order of CSI-RSs included in
a CSI-RS configuration message, or eNB 108 may assign a
3-4 bit index to each CSI-RS resource. According to embodi-
ments, CSI-RS resource indices may be assigned as part of
RRC configuration or initialization.

[0022] Alternatively, eNB 108a may assign an index to
each CSI-RS resource based on an order of CSI-RSs included
in a CSI-RS configuration message.

[0023] eNB 1084 may be configured to reuse CSI-RS
resource configuration of downlink CoMP. For example, eNB
108a may be configured to reuse the CSI-RS resource con-
figuration of DL CoMP to facilitate the signaling and con-
figuration information that supports UL CoMP. Alternatively,
eNB 108a may independently incorporate the reused CSI-RS
configuration during UL CoMP initiation. Further, eNB 1084
may use the CSI-RS resource configuration to identify and
signal additional UL parameters, as described below.

[0024] UE 104 and/or eNB 108a may be configured to
identify each point in the UL CoMP cooperating set using the
respective CSI-RS resource index of the point. Accordingly,
respective CSI-RS resource indices may be used as a pointer
to a particular CSI-RS resource during subsequent signaling.
If eNB 108a assigns CSI-RS resource indices during RRC
configuration, eNB 108 may explicitly or implicitly define the
indices based on the order of CSI-RSs present in the corre-
sponding RRC message. eNB 108 may similarly assign CSI-
RS indices for DL and UL operations. However, the UL
CoMP cooperating set, may be different from the DL. CoMP
CSI measurement set, according to various embodiments.
[0025] UE 104 and/or eNB 108 may be configured to select,
determine, or update UL power control (PC) parameters
based on a removal or addition of an RP to a CoMP RP set. An
example of the UL PC parameter set may be defined TABLE
1, according to one embodiment.

TABLE 1

ULCoMPConfigDedicated ::=
csi-rs-ConfigList

pO-Nominal PUSCH-ULCoMP
pO-Nominal PUCCH-ULCoMP
deltaFList-PUCCH-Dedicated

DeltaFList-PUCCH-Dedicated ::=
deltaF-PUCCH-Formatl
deltaF-PUCCH-Formatlb
deltaF-PUCCH-Format2

deltaF2},

deltaF-PUCCH-Format2a
deltaF-PUCCH-Format2b
deltaF-PUCCH-Format3-r10

SEQUENCE {
CSI-RS-Configlist,
INTEGER (-126..24),
INTEGER (-127..-96),
DeltaFList-PUCCH-Dedicated

SEQUENCE {
ENUMERATED {deltaF-2, deltaF0, deltaF2},
ENUMERATED {deltaF1, deltaF3, deltaF5},
ENUMERATED {deltaF-2, deltaF0, deltaF1,

ENUMERATED {deltaF-2, deltaF0, deltaF2},
ENUMERATED {deltaF-2, deltaF0, deltaF2},
ENUMERATED {deltaF-1, deltaF0, deltaF1,

deltaF2, deltaF3, deltaF4, deltaF5, deltaF6},

deltaF-PUCCH-Format1bCS-r10

ENUMERATED

may provide the CSI-RS resource configuration through the
CoMP initialization process via control signaling. For
example, eNB 108a may provide the CSI-RS resource con-
figuration with RRC circuitry 144 through RRC signaling.

[0021] eNB 108a may be configured to assign an index to
each CSI-RS resource in a CoMP Resource Management

[0026] Each time an RP is added or removed/replaced in a
CoMP RP set, UE 104 and/or eNB 108a may update or
redefine the UL PC parameters, according to various embodi-
ments of the disclosure.

[0027] According to a first embodiment, eNB 1084 may set
or determine the power control parameters in a dynamic RRC
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message, MAC message, or physical layer (PHY) message.
According to embodiments, eNB 108a may set UL PC
parameter and indicate the CoMP RP set in the same RRC,
MAC, or PHY message. Setting the PC parameter in the same
RRC, MAC, or PHY message as indicating the CoMP RP set
may provide more flexibility than other techniques used to set
PC parameters.

[0028] Control plane circuitry 124 of UE 104 may be con-
figured to receive the RRC, MAC, or PHY message, and
determine UL PC parameters for UE 104 based on the mes-
sage.

[0029] UL PC parameters may be cell specific and semi-
static. Therefore, according to a second embodiment, eNB
108a may be configured to generate a list or set of UL PC
parameter sets applicable to different combinations of RPs.
eNB 108a may generate the list or set of UL PC parameter
sets based on the CSI-RS resource indices of the points. RRC
circuitry 126 of UE 104 may then receive the list or set of UL
PC parameter sets via RRC messaging. The list or set of UL
PC parameter sets may be subsequently updated by MAC
signaling, e.g., between MAC layer circuitry 134 to MAC
layer circuitry 120 or between MAC-CE circuitry 142 to
MAC circuitry 120. Through MAC layer dynamic signaling
of the CoMP RP set, control plane circuitry 124 of UE 104
may apply the updated UL PC parameters.

[0030] If a small number of RP sets are allowed for joint
reception or if coordinated scheduling and beamforming (CS/
CB) base UL CoMP is used, generating lists or sets of UL PC
parameter sets by eNB 1084 may be more efficient than
setting UL PC parameters in the same dynamic message used
to indicate the CoMP RP set.

[0031] Advantageously, referencing the UL PC parameters
with CSI-RS resource indices of the points in the CoMP RP
set may enable UE 104 to determine pathloss information
using average received power measured by UE 104 on CSI-
RS. Based on the optimality-signaling overhead tradeoff, it
may be sufficient to semi-statically signal the CSI-RS
resource index of only the preferred RP via RRC layer, espe-
cially in low-mobility scenarios. In embodiments, low-mo-
bility scenarios include speeds that are approximately 3 km/h
and less.

[0032] IfeNB 108a configures the UL PC parameters and
pathloss offset values in a UE-specific manner, control plane
circuitry 124 of UE 104 may directly receive UL PC param-
eters and pathloss offset values by the signaling of the appro-
priate indices in the list(s) of UL PC parameters and pathloss
offset values via RRC, MAC, or PHY messaging by the eNB
108a.

[0033] The parameters for UL DM-RS include parameters
that may enable UE 104 to choose a base sequence, cyclic
shift (CS), and orthogonal cover code (OCC) for a DM-RS
sequence for the UE 104.

[0034] If the DM-RS sequence assignments to be used for
UL CoMP are UE-specific, control plane circuitry 140 may
assign both base sequences and CSs in a UE-specific manner.
To support UE-specific configuration of DM-RS sequences,
eNB 108a may configure a limited number of base sequences
atthe cell level instead of each cell being associated with only
one base sequence. There may be overlap between the sets of
base sequences associated with different points in the CRM
set. As a result, eNB 1084 may dynamically assign scheduled
UEs, such as UE 104, a base sequence from the set of base
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sequences for this CRM set. eNB 1082 may dynamically
assign the scheduled UEs based on scheduling decisions
made at eNB 108a.

[0035] eNB 108a may semi-statically, e.g., at the RRC
level, configure a super set of base sequences through broad-
cast or dedicated signaling. Note that, according to the LTE
Rel-10 specifications, the cell-specific base sequences are
derived using the physical cell-ID (PCI). The RRC configu-
ration of this set of base sequences can also be based on the
use of cell-IDs.

[0036] According to various embodiments, eNB 108a may
reserve virtual cell-IDs (VCIDs) for the calculation of base
sequence seeds used to derive the base sequences, group
hopping patterns, and sequence hopping patterns. Alterna-
tively, eNB 1084 may rely on RRC configurations that
directly list the value of seeds to be used to derive the base
sequences, group hopping, and sequence hopping patterns.
According to embodiments, no dynamic indication of DM-
RS sequences (described below) would be necessary if eNB
108a configures a single VCID instead of the super set of
VClIDs/base sequence seeds via semi-static RRC signaling.
[0037] For dynamic indication of DM-RS sequences, eNB
108a may use MAC-CE circuitry 142 to signal the dynamic
selection of the seed/VCID to be used by UL CoMP for a
given UE. eNB 108a may combine dynamic selection of the
seed/virtual cell-IDs with MAC-CE messaging used for UL
PC setting. eNB 1084 may use physical layer circuitry 132 to
signal dynamic selection of the seed/virtual cell-IDs through
Downlink Control Information (DCI) carried by the Physical
Downlink Control Channel (PDCCH) using an explicit or
implicit index, e.g. using some pre-defined order, to the seed/
VCID in the configuration message.

[0038] eNB 108a and UE 104 may be configured to deter-
mine a value of CS for the UL DM-RS. eNB 1082 and UE 104
may derive the CS based on three parameters: n’,, =, n®
Dars. Npp(Ng)- n® 1 rs is a CS parameter that is specified
by a parameter named cyclicshift (specified according to
Table 5.5.2.1.1-2 of 3GPP TS 36.211) which may be provided
by higher layers, such as MAC and RRC, as in LTE Rel-10
(non-CoMP) operation. n(z)DMRS,X, is a CS parameter that
may indicate the CS and OCC to be used by the UE 104 to
generate the DM-RS sequence to be transmitted. eNB 108a
may signal n® ,, - 5., via the most-recent uplink related DCI
for the transport block associated with the corresponding
physical uplink shared channel (PUSCH) transmission and
which can be included in the physical downlink control chan-
nel (PDCCH), as is done in Rel-10 (non-CoMP) operation.
np(n,) is a CS parameter that defines slot-by-slot hopping
mechanism between the CSs used by UE 104, and is derived
from the physical cell ID according to Rel-10 specifications.
The application of np,(n,) may depend on the same seed/
VCID used for the derivation of the base sequence or may be
signaled by the eNB 1084, independent of the seed/VCID
used for derivation of the base sequence. Additionally, to
increase the user capacity of UL DM-RS for UL CoMP, the
number of CSs that can be signaled by UE 104 or/and eNB
108a may be extended from 8 to a higher number, e.g., 12, by
using one extra bit in the DCL.

[0039] IfOCC is employed by eNB 108a to multiplex UL
DM-RS transmissions, the OCC information may be config-
ured in a UE-specific manner via the n'®,,, . 5. parameter
and may be communicated to the UE dynamically through the
DCI carried by the PDCCH, as in Rel-10 (non-CoMP) opera-
tion.
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[0040] IF eNB 108a employs a UE-specific assignment of
SRS base sequences, eNB 108a may be configured to signal
the SRS parameters in a manner similar to that described for
UE-specific UL DM-RS. In other words, eNB 108a may
signal SRS parameters with a combination of semi-static
settings for a limited set of choices using broadcast/unicast
RRC signaling followed by UE-specific dynamic setting at
the RRC or MAC messaging level. Similar to the case of
UE-specific DM-RS, dynamic signaling may not provide
added benefit if only a single choice of SRS base sequence
(based on explicit RRC signaling of the seed or VCID) is
configured semi-statically viaRRC. To increase user capacity
of SRS for efficient UL CoMP operation, the number of CSs
that can be signaled may be extended from 8 to a higher
number, e.g., 16, by using one extra bit in the DCI.

[0041] UL PC parameters for SRS transmission may be
selected based on the UL CoMP cooperating set and in a
similar manner as described earlier for the signaling ofthe UL
PC parameters (for PUSCH/PUCCH transmission) with the
signaling ofthe CSI-RS resource indices corresponding to the
UL CoMP cooperating set. For SRS PC purposes, it may be
sufficient to semi-statically signal, via RRC layer circuitry
126 and 144, only the preferred CSI-RS resource index for
pathloss information to be used by the UE for open loop
power control (OLPC) for SRS.

[0042] PUCCH resource allocation parameters may
include UE-specific ACK/NACK resource offset (N
rucce for dynamic resource indication for PUCCH format
1a/1b, wherein N, ., indicates the starting location of
dynamic ACK/NACK. UE-specific ACK/NACK resource
offset signaling may reduce potential collisions at the pico-
cell during times when UE 104 receives downlink informa-
tion from a macro-cell, e.g., eNB 1085, while transmitting
uplink information to a pico-cell, e.g., eNB 108a. PUCCH
resource allocation parameters may include the configuration
of the UL CoMP cooperation set in a UE-specific way. Fur-
ther, the eNB 1084 may signal VCID values to generate
PUCCH base sequences in a UE-specific way via RRC layer
circuitry 144 in order to achieve gains from better interfer-
ence orthogonalization between PUCCH transmissions by
UEs in neighboring cells within the CoMP set and/or from
area splitting gains in scenarios wherein a number of low
power nodes (LLPNs) share the same cell identity with a macro
node as in CoMP Scenario 4 (as defined in 3GPP TR 36.819).
According to various embodiments, the values for the VCID
or base sequence seeds for PUSCH DM-RS, PUCCH, and
SRS may be independent.

[0043] FIG. 2 illustrates a flow diagram 200 of signaling
UE-specific SRS parameters according to embodiments.
[0044] At block 202, a UE may receive, through RRC sig-
naling, a plurality of sets of SRS parameters of a cell to which
the UE is connected. The plurality of sets of SRS parameters
may be broadcast or may be unicast by the cell.

[0045] Atblock 204, a UE may receive, through RRC-level
signaling or media access control (MAC)-level signaling, an
indication of a set of SRS parameters, selected from the
plurality of sets, to be used for SRS transmission. Receipt of
the indication of the set of SRS parameters may enable the UE
to operate efficiently by enabling the UE to select from a finite
set of parameters in place of causing the UE to determine the
SRS parameters based on other information.

[0046] According to embodiments, the eNB may be con-
figured to signal more than eight cyclic shift values to
increase capacity of SRS in UL CoMP operation. The eNB
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may also be configured to semi-statically determine and sig-
nal a preferred one of a number of RPs that may be indicated
by a certain CSI-RS index. Semi-statically signaling a pre-
ferred RP may enable the UE to obtain pathloss information
that may be used by the UE to determine open loop power
control parameters for SRS transmissions. The UE may
receive CSI-RS indices from the eNB and may semi-statically
determine a respective CSI-RS index of the preferred one of
anumber of RPs of an UL CoMP cooperating set based on an
RRC message from the eNB.

[0047] According to other embodiments, a UE may be
enabled or configured to adjust power control parameters of
SRS transmissions based on a UL CoMP cooperating set. The
UE may adjust the power control parameters corresponding
to a plurality of CSI-RS resource indices signaled by the eNB
that may correspond to the UL CoMP cooperating set.
[0048] FIG. 3 illustrates a flow diagram 300 of PUCCH
resource allocation and PUCCH sequence assignment for
efficient support of UL, CoMP.

[0049] Atblock 302, a UE may be configured to determine
UE-specific ACK/NACK resource offset NV, for trans-
mitting PUCCH with dynamic ACK/NACK, e.g., PUCCH
formats la/1b as specified in 3GPP TS 36.211.

[0050] Atblock 304, a UE may be configured to determine
a configuration of an uplink CoMP cooperation set, a base
sequence assignment based on an explicit indication of a
virtual cell identification, or an explicit indication of a UE-
specific base sequence assignment to support UL CoMP with
better inter-point interference mitigation and/or with area
splitting gains.

[0051] FIG. 4 illustrates a flow diagram 400 of signaling
UE-specific UL DM-RS parameters according to embodi-
ments.

[0052] Atblock 402, a UE may receive, through semi-static
RRC signaling, a plurality of sets of UE-specific DM-RS
parameters. The plurality of sets of SRS parameters may be
broadcast or may be unicast by the cell.

[0053] At block 404, a UE may receive, through media
access control (MAC)-level signaling or via the latest uplink-
related DCI carried by the PDCCH, an indication of a set of
DM-RS parameters, selected from the plurality of sets, to be
used for DM-RS transmission. According to embodiments,
the dynamic signaling may not provide additional benefit if
only a single set of UE-specific DM-RS parameters is semi-
statically signaled at RRC layer.

[0054] UE 102 and eNB 104 described herein may be
implemented into a system using any suitable hardware and/
or software to configure as desired. FIG. 5 illustrates, for one
embodiment, an example system 500 comprising one or more
processor(s) 504, system control logic 508 coupled with at
least one of the processor(s) 504, system memory 512
coupled with system control logic 508, non-volatile memory
(NVM)/storage 516 coupled with system control logic 508,
and a network interface 520 coupled with system control
logic 508.

[0055] Processor(s) 504 may include one or more single-
core or multi-core processors. Processor(s) 504 may include
any combination of general-purpose processors and dedi-
cated processors (e.g., graphics processors, application pro-
cessors, baseband processors, etc.). In an embodiment in
which the system 500 implements UE 104, processors(s) 504
may be included in communication module 112. In an
embodiment in which the system 500 implements eNB 108,
processor(s) 504 may be included in communications module
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128. According to various embodiments, processor(s) 504
and system memory 512 may be configured as user plane
circuitry 122, control plane circuitry 124, and/or RRC cir-
cuitry 126. According to various embodiments, processor(s)
504 and system memory 512 may be configured as user plane
circuitry 138, control plane circuitry 140, and/or RRC cir-
cuitry 144.

[0056] System control logic 508 for one embodiment may
include any suitable interface controllers to provide for any
suitable interface to at least one of the processor(s) 504 and/or
to any suitable device or component in communication with
system control logic 508.

[0057] System control logic 508 for one embodiment may
include one or more memory controller(s) to provide an inter-
face to system memory 512. System memory 512 may be
used to load and store data and/or instructions, for example,
for system 500. System memory 512 for one embodiment
may include any suitable volatile memory, such as suitable
dynamic random access memory (DRAM), for example.
[0058] NVM/storage 516 may include one or more tan-
gible, non-transitory computer-readable media used to store
data and/or instructions, for example. NV M/storage 516 may
include any suitable non-volatile memory, such as flash
memory, for example, and/or may include any suitable non-
volatile storage device(s), such as one or more hard disk
drive(s) (HDD(s)), one or more compact disk (CD) drive(s),
and/or one or more digital versatile disk (DVD) drive(s), for
example.

[0059] The NVM/storage 516 may include a storage
resource physically part of a device on which the system 500
is installed or it may be accessible by, but not necessarily a
part of, the device. For example, the NVM/storage 516 may
be accessed over a network via the network interface 520.
[0060] System memory 512 and NVM/storage 516 may
respectively include, in particular, temporal and persistent
copies of instructions 524. Instructions 524 may include
instructions that when executed by at least one of the proces-
sor(s) 504 result in the system 500 implementing a one of the
methods FIGS. 2-4, described herein. In some embodiments,
instructions 524, or hardware, firmware, and/or software
components thereof, may additionally/alternatively be
located in the system control logic 508, the network interface
520, and/or the processor(s) 504.

[0061] Network interface 520 may have atransceiver 522to
provide a radio interface for system 500 to communicate over
one or more network(s) and/or with any other suitable device.
The transceiver 522 may be implemented at part of physical
layer circuitry 118 or 132. In various embodiments, the trans-
ceiver 522 may be integrated with other components of sys-
tem 500. For example, the transceiver 522 may include a
processor of the processor(s) 504, memory of the system
memory 512, and NVM/Storage of NVM/Storage 516. Net-
work interface 520 may include any suitable hardware and/or
firmware. Network interface 520 may include a plurality of
antennas to provide a multiple input, multiple output radio
interface. Network interface 520 for one embodiment may
include, for example, a network adapter, a wireless network
adapter, a telephone modem, and/or a wireless modem.
[0062] Forone embodiment, at least one of the processor(s)
504 may be packaged together with logic for one or more
controller(s) of system control logic 508. For one embodi-
ment, at least one of the processor(s) 504 may be packaged
together with logic for one or more controllers of system
control logic 508 to form a System in Package (SiP). For one
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embodiment, at least one of the processor(s) 504 may be
integrated on the same die with logic for one or more control-
ler(s) of system control logic 508. For one embodiment, at
least one of the processor(s) 504 may be integrated on the
same die with logic for one or more controller(s) of system
control logic 508 to form a System on Chip (SoC).

[0063] The system 500 may further include input/output
(I/0) devices 532. The /O devices 532 may include user
interfaces designed to enable user interaction with the system
500, peripheral component interfaces designed to enable
peripheral component interaction with the system 500, and/or
sensors designed to determine environmental conditions and/
or location information related to the system 500.

[0064] In various embodiments, the user interfaces could
include, but are not limited to, a display (e.g., a liquid crystal
display, a touch screen display, etc.), a speaker, a microphone,
one or more cameras (e.g., a still camera and/or a video
camera), a flashlight (e.g., a light emitting diode flash), and a
keyboard.

[0065] In various embodiments, the peripheral component
interfaces may include, but are not limited to, a non-volatile
memory port, an audio jack, and a power supply interface.
[0066] In various embodiments, the sensors may include,
but are not limited to, a gyro sensor, an accelerometer, a
proximity sensor, an ambient light sensor, and a positioning
unit. The positioning unit may also be part of, or interact with,
the network interface 520 to communicate with components
of a positioning network, e.g., a global positioning system
(GPS) satellite.

[0067] In various embodiments, the system 500 may be a
mobile computing device such as, but not limited to, a laptop
computing device, a tablet computing device, a netbook, a
smartphone, etc. In various embodiments, system 500 may
have more or less components, and/or different architectures.
[0068] According to various embodiments, an apparatus
may include one or more computer-readable storage media
configured to store a number of instructions. The apparatus
may include one or more processors coupled to the one or
more computer-readable storage media. The one or more
processors, in response to executing the number of instruc-
tions, may be configured to receive channel state information
reference signal (CSI-RS) resource configuration informa-
tion; determine a number of CSI-RS indices based on the
CSI-RS configuration information; and identify a number of
points of an uplink coordinated multi-point (CoMP) cooper-
ating set based on the number of CSI-RS indices. The one or
more processors and one or more computer-readable media
may be configured as control-plane circuitry of the apparatus.
The CSI-RS resource configuration information may be
received by radio resource control (RRC) circuitry of the
control-plane circuitry as part of a CoMP initialization pro-
cess.

[0069] Inembodiments,the CSI-RS resource configuration
information may include transmission parameters associated
with CSI-RS. The transmission parameters may include
transmit power, periodicity, subframe offset, initialization
seeds, and/or number of utilized antenna ports. The number of
CSI-RS indices may be included in the CSI-RS configuration
information, or the one or more processors may be configured
to determine the number of CSI-RS indices based on an order
of CSI-RSs included in the CSI-RS resource configuration
information.

[0070] Inembodiments, the one or more processors may be
configured to receive a message; determine, based on the



US 2015/0071235 Al

message, a CoMP reception point (RP) set that may include a
subset of the points of the CoMP cooperating set that are to
receive an uplink data transmission from the apparatus; and
determine, based on the message, uplink power control
parameters. The one or more processors may be further con-
figured to receive a number of uplink power control parameter
sets that may respectively correspond to a number of CoMP
RP sets; and determine the uplink power control parameters
based on the uplink power control parameter set that may
correspond to the CoMP RP set. The uplink power control
parameters may be included in the message. The uplink
power control parameters may include a target signal to noise
ratio and a, wherein a may be a fractional power control
parameter.

[0071] Inembodiments, the one or more processors may be
further configured to determine pathloss information based
on a message fed back from one or more points of the CoMP
cooperating set. The one or more processors may be further
configured to determine the pathloss information based on an
average received power of the CSI-RS information, as mea-
sured by the apparatus. The one or more processors may be
further configured to semi-statically determine the respective
CSI-RS index of a preferred one of the number of points of the
uplink CoMP cooperating set received via an RRC message,
wherein the preferred one of the number of points is config-
ured to actively receive data from the apparatus. The one or
more processors may be further configured to derive a num-
ber of base sequences, group hopping patterns, and/or
sequence hopping patterns from one or more virtual cell
identifications.

[0072] According to embodiments, the one or more proces-
sors may be configured to receive a list of uplink power
control parameter sets that respectively correspond to receive
point sets; determine a reception point set, which is may be
subset of the uplink CoMP cooperating set; determine an
uplink power control parameter set that may correspond to the
reception point set; and control transmission of uplink signals
to the reception point set based on the uplink power control
parameter set.

[0073] According to various embodiments, an eNodeB
may include one or more computer-readable media config-
ured to store a number of instructions; and one or more
processors coupled to the one or more computer-readable
media. In response to executing the number of instructions,
the one or more processors may be configured to support user
equipment (UE)-specific configuration of uplink demodula-
tion reference signals (DM-RS). The one or more processors
may be configured to configure a number of base sequences at
a cell-level; determine communication schedules of one or
more UEs; and dynamically assign respective base sequences
from the number of base sequences to the one or more UEs
based on the determined communication schedules. The
number of base sequences may be associated with a particular
coordinated multipoint (CoMP) resource management
(CRM) set. The uplink DM-RS may include parameters that
enable each of the one or more UEs to select one of the
number of base sequences, cyclic shift (CS) hopping pattern,
group hopping pattern, sequence hopping pattern, a cyclic
shift, and an orthogonal cover code (OCC) to determine
respective DM-RS sequences that may be associated with
respective ones of the one or more UEs. The number of base
sequences may be configured semi-statically with radio
resource control (RRC) level broadcast signaling or RRC
level dedicated signaling.
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[0074] Inembodiments, the one or more processors may be
further configured to signal dynamic selection of one of a
number of virtual cell identifications through a media access
control-control element (MAC-CE). The one or more virtual
cell identifications may enable derivation of the number of
base sequences. The one or more processors may be config-
ured to combine dynamic selection of the one of the number
of virtual cell identifications with MAC-CE messaging used
to set uplink power control parameters. The one or more
processors may be configured to signal dynamic selection of
the one of the number of virtual cell identifications, in down-
link control information (DCI) carried by a physical downlink
control channel (PDCCH), with indices assigned to the one or
more virtual cell identifications. The one or more processors
may be further configured to signal one of 8 or more cyclic
shift values associated with the uplink DM-RS. The one or
more processors may be configured to signal one of 8 or more
cyclic shift values to increase capacity of SRS in uplink
CoMP operation.

[0075] Inembodiments, the one or more processors may be
configured to semi-statically signal a preferred one of a num-
ber of reception points indicated by a corresponding one of a
number of channel state information resource signals (CSI-
RS) indices to obtain pathloss information that may be usable
by the one or more UEs for open loop power control for SRS
transmissions. The one or more processors may be configured
to adjust power control parameters of SRS transmissions
based on an uplink CoMP cooperating set with signals to a
number of CSI-RS resource indices that correspond to the
uplink CoMP cooperating set.

[0076] According to various embodiments, one or more
computer readable media having instructions which, when
executed by a processor of a user equipment (UE), may
enable the UE to receive, through radio resource control
(RRC) signaling, a number of sets of sounding reference
signal (SRS) parameters of a cell to which the UE is con-
nected. The instructions may enable the UE to receive,
through RRC-level signaling or media access control (MAC)-
level signaling, an indication of a set of SRS parameters,
selected from the number of sets, to be used for SRS trans-
mission. The number of sets may be broadcast or unicast by
the cell. The instructions may further enable the UE to adjust
power control parameters of SRS transmissions based on an
uplink cooperating multipoint (CoMP) cooperating set with
signals to the number of CSI-RS resource indices that corre-
spond to the uplink CoMP cooperating set.

[0077] According to various embodiments, one or more
computer-readable media having instructions which, when
executed by a processor of an eNodeB, may enable the eNo-
deB to support coordinated multipoint (CoMP) operations
and may enable the eNodeB to determine UE-specific
acknowledge (ACK) and negative-acknowledge (NACK)
resource offsets N, ., for dynamic resource allocation
of physical uplink control channel (PUCCH) carrying
dynamic ACK/NACK, and transmit the ACK/NACK
resource offset N, ., to a respective UE. The instruc-
tions may enable the eNodeB to determine the UE-specific
ACK/NACK resource offset N* ., ..,, for PUCCH formats
laand 1b. The PUCCH formats 1a and 1b may use a physical
cell ID. The instructions may enable the eNodeB to transmit
a different virtual cell ID index for each PUCCH format used
by a UE.

[0078] Although certain embodiments have been illus-
trated and described herein for purposes of description, a
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wide variety of alternate and/or equivalent embodiments or
implementations calculated to achieve the same purposes
may be substituted for the embodiments shown and described
without departing from the scope of the present disclosure.
This application is intended to cover any adaptations or varia-
tions of the embodiments discussed herein. Therefore, it is
manifestly intended that embodiments described herein be
limited only by the claims and the equivalents thereof.
What is claimed is:
1. One or more computer readable media having instruc-
tions thereon that, in response to execution by one or more
processing devices of auser equipment (UE), cause the UE to:
determine a physical layer cell identity corresponding to a
cell of an evolved universal mobile telecommunication
system terrestrial radio access network (E-UTRAN);

receive an indicator of a virtual cell identity via radio
resource control signaling, the virtual cell identity dif-
ferent from a physical layer cell identity corresponding
to a cell of an evolved universal mobile telecommunica-
tion system terrestrial radio access network (E-UT-
RAN);

receive a cyclic shift hop initialization value different from

the virtual cell identity; and

generate ademodulation reference signal (DM-RS) param-

eter based at least in part on the virtual cell identity, and

generate a cyclic shift for a DM-RS by initializing a

pseudo-random sequence generator with the cyclic shift
hop initialization value.

2. The one or more computer readable media of claim 1,
wherein the DM-RS parameter is a group hopping pattern.

3. The one or more computer readable media of claim 1,
wherein the DM-RS parameter is associated with a physical
uplink shared channel.

4. The one or more computer readable media of claim 1,
wherein the DM-RS parameter is a sequence hopping param-
eter.

5. The one or more computer readable media of claim 1,
wherein generate a DM-RS parameter based at least in part on
the virtual cell identity comprises initialize a pseudo-random
sequence generator with the virtual cell identity.

6. The one or more computer readable media of claim 1,
wherein the DM-RS parameter is a cyclic shift for a DM-RS
for a physical uplink shared channel.

7. The one or more computer readable media of claim 1,
wherein the instructions, in response to execution by the one
or more processing devices, cause the UE to communicate
with a positioning network.

8. The one or more computer readable media of claim 1,
wherein the cyclic shift hop initialization value is received via
radio resource control signaling.

9. A method, comprising:

selecting, by an eNB, a virtual cell identity, the virtual cell

identity different from a physical layer cell identity cor-
responding to a cell of an evolved universal mobile tele-
communication system terrestrial radio access network
(E-UTRAN);

selecting, by the eNB, a cyclic shift hop initialization value

different from the virtual cell identity;

providing, by the eNB to a user equipment (UE) via radio

resource control signaling, an indicator of the virtual cell
identity for use in generating a demodulation reference
signal (DM-RS) parameter based at least in part on the
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indicator, and an indicator of the cyclic shift hop initial-
ization value for use in generating a cyclic shift for a
DM-RS by initializing a pseudo-random sequence gen-
erator with the cyclic shift hop initialization value.

10. The method of claim 9, wherein the DM-RS parameter
is a group hopping pattern.

11. The method of claim 9, wherein the DM-RS parameter
is associated with a physical uplink shared channel.

12. The method of claim 9, wherein the DM-RS parameter
is a sequence hopping parameter.

13. The method of claim 9, wherein providing, by the eNB
to the UE, the indicator of the virtual cell identity for use in
generating a DM-RS parameter based at least in part on the
indicator comprises providing, by the eNB to the UE, the
indicator for use in initializing a pseudo-random sequence
generator with the virtual cell identity.

14. The method of claim 9, wherein the DM-RS parameter
is a cyclic shift for a DM-RS for a physical uplink shared
channel.

15. The method of claim 9, wherein the indicator of the
virtual cell identity is provided to the UE for use in generating
a DM-RS parameter based at least in part on the indicator and
for use in generating a sounding reference signal (SRS)
parameter based at least in part on the indicator.

16. The method of claim 9, wherein the cyclic shift hop
initialization value is provided via radio resource control
signaling.

17. A user equipment (UE) comprising:

means for receiving an indicator of a UE-specific acknowl-

edge and negative-acknowledge (AN) resource offset
for a physical uplink control channel (PUCCH), wherein
the AN resource offset is different from a virtual cell
identity used by the UE to generate a demodulation
reference signal (DM-RS) parameter; and

means for determining a PUCCH resource based at least in

part on the AN resource offset.

18. The UE of claim 17, further comprising:

means for causing the UE to use the determined PUCCH

resource for transmission of AN.

19. The UE of claim 17, wherein the indicator of the AN
resource offset is received via radio resource control signal-
ing.

20. One or more computer readable media having instruc-
tions thereon that, in response to execution by one or more
processing devices of an eNB, cause the eNB to:

select a user equipment (UE)-specific acknowledge and

negative-acknowledge (AN) resource offset for a physi-
cal uplink control channel (PUCCH), wherein the AN
resource offset is different from a virtual cell identity
used by the UE to generate a demodulation reference
signal (DM-RS) parameter; and

provide an indicator of the AN resource offset, to a UE, for

use in determining a PUCCH resource based at least in
part on the indicator.

21. The one or more computer readable media of claim 20,
wherein the instructions, in response to execution by the one
or more processing devices, cause the eNB to receive AN
transmitted from the UE in the determined PUCCH resource.

22. The one or more computer readable media of claim 21,
wherein the indicator of the AN resource offset is provided, to
the UE, via radio resource control signaling.
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